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ABSTRACT 

This paper p r e s e n t s  the  s t a t u s  o f  the  Srrlall Community S o l a r  Thermal Power 
Experiment (SCSE Program). Current  a c t i v i t i e s  on the  Phase I1 single/module 
development e f f o r t  a r e  p resen ted ,  t o g e t h e r  wi th  p lans  f o r  the  Phase 111 1 MWe 
demonstrat ion p l a n t .  A d e s c r i p t i o n  of the  va r ious  subsystems and components 
i s  given wi th  p a r t i c u l a r  emphasis on the  unmanned microprocessor-based p l a n t  
c o n t r o l  subsystem. L a t e s t  performance f i g u r e s  a r e  p v e n  f o r  the  1 We p l a n t ,  
based on 56 power modules, each c o n s i s t i n g  of a G.E. 12m Low Cost Concentra tor ,  

INTRODUCTION 

';he Aeronutronic Divis ion of  Ford Aerospace & Communications Corp. (FACC) has  
been under c o n t r a c t  (1)  t o  JPL s i n c e  27 Decembe- 1979 f o r  Phase I1 development 
of the Small Comnlunity S o l a r  Thermal Power Experiment (SCSE). This program is  
the  f i r s t  experiment (FE-1) i n  t h e  Engineering Experiment s e r i e s  of  t h e  
Parabo l i c  Dish P r o j e c t  managed by JPL f o r  t h e  U.S. Department of Energy (DOE). 
The EE-1 concept i s  c l a s s i f i e d  a s  a Point-Focusing D i s t r i b u t e d  Receiver (PFDR) 
system with  D i s t r i b u t e d  Generat ion.  It i s  a modular system, comprised of 
m u l t i p l e  power modules in te rconnec ted  by a convent ional  e l e c t r i c a l  system, 
wi th  p rov i s ion  f o r  u t i l i t y  grid-connected o p e r a t i o n .  During Phase 11, a 
s i n g l e  power module i s  being f a b r i c a t e d  and subsequent ly  w i l l  be t e s t e d  a t  t h e  
JPL Parabo l i c  Dish Tes t  S i t e  (PDTS) a t  Edwards AFB, C a l i f o r n i a .  I n  t h e  follow- 
on phase (Phase 1111, a complete 1 MWe p l a n t ,  composed of  approximately 56 power 
modules, w i l l  be f a b r i c a t e d  and i n s t a l l e d  f o r  t e s t  a t  a s i t e  t o  be s e l e c t e d  by 
DOE . 

Each power module, a s  shown i n  Figure  1, i s  comprised of  a p a r a b o l i c  d i s h  
c o n c e n t r a t o r  wi th  a Power Conversion Assembly (PCA) mounted a t  i t s  focus .  The 
PCA shown i n  Figure  2 c o n s i s t s  of a c a v i t y  r e c e i v e r  and a Power Conversion 
Sub-system (PCS) comprised of a n  o rgan ic  Rankine c y c l e  (ORC) engine  and a high- 
speed,  d i rec t -coup led  permanent magnet a l t e r n a t o r ;  a s o l i d - s t a t e  r e c t i f i e r  i s  
loca ted  a t  the  ground. Maximum g r o s s  weight o f  t h e  PCA i s  680 kg (1500 l b . ) ;  
o v e r - a l l  l eng th  i s  2.38 m (7 .8  f t . )  and maximum diameter  i s  1.124 m (3 .7  f t . ) .  
The PCA and i t s  a s s o c i a t e d  suppor t  s t r u c t u r e  b lock approximately 1 percen t  o f  
the  incoming s o l a r  power. 
(1)  Con t rac t  No. 955637 



P R O G W  STATUS 
I 

The SCSE master  schedule  i s  shown i n  Figure  3; a  Pre l iminary  Design Review (TDR) I- 

was s u c c e s s f u l l y  completed on 27 June 1980 and the  System Design Review (SDR) 
is  scheduled f o r  28 January 1981. A s  c u r r e n t l y  planned,  the  PCA will be 
shipped t o  t h e  Edwards PDTS by mid 1981, a f t e r  thorough t e s t i n g  o f  t h e  r e c e i v e r  I 

a t  Aeronutronic and subsequent t e s t i n g  o f  the  combiiled PCS and r e c e i v e r  - on 
I 

I 
e l e c t r i c a l  h e a t  - a t  the  Barber-Nichols f a c i l i t y .  The P l a n t  Control  Subsystem 
and a s s o c i a t e d  e l e c t r i c a l  i n t e r f a c e  equipment w i l l  a l s o  be t e s t e d  a t  
Aeronutronic,  then d e l i v e r e d  t o  the  PDTS f o r  i n t e g r a t i o n  (with t h e  PCA and the  
General  E l e c t r i c  Low Cost Concentra tor  [LCC]) i n t o  a  runc t ion ing  EE-1 power 
module. The hardware w i l l  be t e s t e d  under f i e l d  c o n d i t i o n s  f o r  5 months 
under t h e  e x i s t i n g  c o n t r a c t ;  the  i n t e n t  of the  f i e l d  t e s t  o p e r a t i o n  i s  t o  
v e r i f y  the  EE-1 des ign  a s  a  p r e r e q u i s i t e  t o  fabrication/installation/demonstation 
of the  compiete 1 MW, EE-1 p l a n t  dur ing  Phase I11 of t h e  SCSE program. 

A second power conversion u n i t  is being procured from Barber-Nichols f o r  t h e  
p a r a l l e l  Design l l a t u r i t y  Tes t ing  (DMT) program. This u n i t  w i l l  be i n  cont inuous  
o p e r a t i o n  a t  the  Barber-Nichols f a c i l i t y  - dr iven  by a n  e l e c t r i c : ? l l y  heated 
b o i l e r  - p r i m a r i l y  t o  a s c e r t a i n  long- ten1 d u r a b i l i t y  on a l l  power convers ion 
components. The t e s t  r i g  w i l l  a l s o  s imula te  t h e  e f f e c t  o f  engine  a t t i t u d e  
o r i e n t a t i o n  - i n  r e a l  time - and achieve a c c e l e r a t e d  l i f e  t e s t i n g .  The l e s s o n s  
learned from the  DMT program w i l l  be incorpora ted  i n t o  the  PDTS t e s t  u n i t  a s  
r equ i red ,  e i t h e r  i n  the  form of hardware replacements,  changed opera t ing  
procedures,  r ev i sed  maintenance procadures,  e t c .  

SYSTEM DESCRIPTION 

lile LCC, the  ORC-PCS and the  FACC r e c e i v e r  a r e  presented i n  d e t a i l  elsewhere 
i n  t h i s  Program Review and w i l l  not  be repeated h e r e .  The Energy Transpor t  
Subsystem (ETS) and P l a n t  Control  Subsystem a r e  a l s o  important  e lements  o f  
tile EE-1 system, however, and a r e  d i scussed  below. 

Energy Transpor t  Subsystem (ETS) 

The ETS i s  comprised of  1 )  a  convent ional  dc  e l e c t r i c  system which i n t e r c o n n e c t s  
each power module, 2) c e n t r a l  s t a t i c  dc-to-ac i n v e r t e r ( s )  f o r  power cond i t ion ing  
and v o l t a g e l l o a d  c o n t r o l  and, 3) a s s o c i a t e d  equipments f o r  g r i d  i n t e r f a c i n g  
and synchron iza t ion .  The system i s  designed t o  o p e r a t e  a t  600 v o l t s ,  i n t e r -  
f ac ing  wi th  a  4800 v o l t  ( t y p i c a l )  u t i l i t y  d i s t r i b u t i o n  l i n e .  F a c i l i t y  power 
is  used t o  d r i v e  the  i n d i v i d u a l  c o n c e n t r a t o r s ,  PCS a c c e s s o r i e s  and the  c o n t r o l  
room; an u n i n t e r r u p t a b l e  p w e r  supply (UPS) i s  provided f o r  power when the  g r i d  
is  o u t  and se l f -genera ted  power i s  not  s u f f i c i e n t  t o  o p e r a t e  the  system. A 
load bank i s  a l s o  provided t o  d i s s i p a t e  s t o r e d  energy dur ing  g r i d  ou t / concen t ra to r  
de- t rack o p e r a t i o n .  The major b e n e f i t  of  the  dc approach i s  t h a t  i t  permits  
tile speed of the  ORC engines  t o  be v a r i e d  wi th  t h e  change i n  s o l a r  i n s o l a t i o n  
i n  o rde r  t o  achieve nigh pa r t - load  e f f i c i e n c y  and hence high annual ized p e r f o r -  
mance. In a d d i t i o n ,  the  use of the  c e n t r a l  i n v e r t e r ( s )  f o r  v o l t a g e / l o a d  c o n t r o l  
e l i m i n a t e s  any need f o r  i n d i v i d u a l  f i e l d  c o n t r o l  of  the  a l t e r n a t o r s ,  a s  d i scussed  
below. F i n a l l y ,  g r i d  synchron iza t ion  i n  frequency and phase i s  much e a s i e r ,  



s i n c e  an  a c  system would r e q u i r e  synchronizat ion o f  each engine whereas t h i s  
clystem is accomnodated a t  t h e  c e n t r a l  p o i n t  o f  g r i d  c o n t a c t .  

The ETS i s  being modified f o r  t h e  Phase I1 t e s t s  a t  t h e  JPL-PDTS t o  accomno- 
d a t e  c e r t a i n  d i f f e r e n c e s  i n  t h e  g r i d  i n t e r f a c e  and e x i s t i n g  JPL equipment a t  
t h e  s i t e  as well a s  t h e  f a c t  t h a t  only  a  s i n g l e  module w i l l  be t e s t e d .  
However, b a s i c  p r i n c i p l e s  of t h e  Phase I11 design w i l l  be demonstrated 

Tlant  Control  Subsystem 

The SCSE p l a n t  c o n t r o l  subsystem is  being designed f o r  automat ic ,  t o t a l l y  remote 
(unattended) opera t ion .  Manual c o n t r ~ l  c a p a b i l i t y  w i l l  be provided f o r  
i n s t a l l a t i o n ,  check-out, t e s t i n g  and maintenance. General func t ions  a r e  
1 )  automatic/manual c o n t r o l  o f  a l l  p l a n t  subsystems, 2) coordinated sequencing 
of p l a n t  subsystems f o r  a l l  o p e r a t i n g  modes, 3) f a i l u r e  p r o t e c t i o n  and 
4) s t a t u s  monitoring.  

Operating P r i n c i p l e  

The p l a n t  c o n t r o l  system w i l l  o p e r a t e  t h e  p l a n t  wi th  high e f f i c i e n c y  under 
cont inuously  varying s o l a r  energy i n p u t .  IL i s  a l s o  simple i n  concept and 
provides t o t a l l y  s t a b l e  opera t ion  i n  a l l  p o s s i b l e  modes. There a r e  t h r e e  
elements o f  the  concept: 1) concen t ra to r  c o n t r o l ,  2)  f l u i d  c o n t r o l  and 
3) t u r b i n e  speed c o n t r o l .  

Concentrator c o n t r o l  c o n s i s t s  of 2-axis  t r ack ing  and a s s o c i a t e d  sequencing, 
e . g . ,  s t a r t - u p ,  shut-down, emergency de- t rack,  e t c .  The e s s e n t i a l  f e a t u r e  of 
the  LCC t rack ing  concept i s  i t s  dua l  opera t ion ,  i . e . ,  1 )  coarse  t r ack ing  v i a  
computer-stored ephemeris d a t a  and concen t ra to r  angu la r  p o s i t i o n  sensors  and 
2)  f i n e  t r ack ing  v i a  au to -nu l l ing  of o p t i c a l  (sun) sensor  s i g n a l s .  

The f l u i d  c o n t r o l  loop o p e r a t e s  t h e  coupled r e c e i v e r  and ORC engine t o  make 
c e r t a i n  t h a t  1 )  t h e  n e t  thermal energy absorbed by the  r e c e i v e r  is  t ransmi t t ed  
t o  the  engine i n  concer t  with the  time-varyind s o l a r  energy i n p u t ,  and 2) high 
par t - load e f f i c i e n c y  i s  achieved.  These requiremeiita a r e  m e t  by a d j u s t i n g  the  
working f l u i d  ( to luene)  flow r a t e  - v i a  a  flow c ~ a t r o l  va lve  st r e c e i v e r  o u t l e t  - 
t o  mainta in  v i r t u a l l y  cons tan t  t u r b i n e  i n l e t  temperature.  The combination of 
cons tan t  t u r b i n e  i n l e t  temperature and optimum t u r b i n e  speed ( a s  d i scussed  
below) s e r v e s  t o  mainta in  n e a r l y  cons tan t  PCS e f f i c i e n c y  over a  very wide range 
of s o l a r  i n p u t .  

An a d d i t i o n a l  c o n t r o l  requirement is  t o  maintain t h e  tu rb ine  speed a t  near  
optimum s o  a s  t o  maximize t u r b i n e / a l t e r n a t o r  o v e r a l l  e f f i c i e n c y .  This i s  done 
by providing a  cons tan t -vo l tage  load f o r  t h e  i n d i v i d u a l  a l t e r n a t o r s ,  (or ,  
equ iva len t ly ,  a  cons tan t  a l t e r n a t o r  ou tpu t  vo l t age  i s  mainta ined) ,  and t h e  
speed i s  then c o n t r o l l e d  by t h e  balance of the  power app l ied  t o  t h e  t u r b i n e  and 
the  power absorbed by t h e  a l t e r n a t o r .  The constant-vol tage load i s  produced 
by t h e  i n v e r t e r ,  which has an a c t i v e  c i r c u i t  t h a t  senses  i t s  i n p u t  vo l t age  and 
v a r i e s  the  duty cyc le  of the  SCRs s o  t h a t  t h e  e f f e c t i v e  i n p u t  impedance i s  



v a r i e d  s o  as t o  draw t h e  c u r r e n t  r equ i red  t o  keep t h e  a l t e r n a t o r  ou tpu t  car 
i n v e r t e r  inpu t )  vo l t age  c o n s t a n t .  The r e s u l t i n g  t u r b i n e  speed i s  very  c l o s e  t o  
optimum i f  t h e  a p p r o p r i a t e  a l t e r n a t o r  impedance is  s e l e c t e d .  With m u l t i p l e  
p a r e r  conversion u n i t s  connected t o  t h e  i n v e r t e r ( 8 )  i n  a p a r a l l e l  e l e c t r i c  
c i r c u i t ,  t h e  vo l tage  a c r o s s  each genera to r ' s  t e rmina l s  is t h e  same and is  
determined by t h e  equ iva len t  impedance of t h e  complete c i r c u i t ,  which inc ludes  
t h e  i n v e r t e r .  The i n v e r t e r  impedance can thus  be v a r i e d  t o  mainta in  c o n s t a n t  
vo l t age  i n  t h e  face  of cont inuously  varying s o l a r  i n p u t .  Power output  
v a r i a t i o n s  among 1 o r  more engines  a r e  thus  represented by c u r r e n t  v a r i a t i o n s  
i n  t h e  e l e c t r i c a l  c i r c u i t .  Ind iv idua l  a l t e r n a t o r  f i e l d  c o n t r o l  i s  thus avoided 
and a l l  power u n i t s  a r e  c o n t r o l l e d  by t h e  c e n t r a l  i n v e r t e r .  Addi t iona l ly ,  
a l t e r n a t o r  and t u r b i n e  torquelspeed c h a r a c t e r i s t i c s  a r e  matched by c a r e f u l  
design of t h e  equ iva len t  a l t e r n a t o r  impedance s o  t h a t  the  imposi t ion o f  cons tan t  
vo l t age  a s s u r e s  opera t ion  a t  c r  near  the  speed which y i e l d s  h i g h e s t  t u r b i n e  
e f f i c i e n c y  . 

Hardware Implementation 

A c e n t r a l  d i g i t a l  microprocessor o r  Master Power C o n t r o l l e r  (MPC) i s  provided 
f o r  mode c o n t r o l ,  sequencing, p r o t e c t i o n  and monitoring of a l l  p l a n t  subsystems. 
The flow c o n t r o l  loop and o t h e r  PCS c o n t r o l  func t ions  a r e  mechanized i n  t h e  
Renote Control  I n t e r f a c e  Assembly (RCIA) microprocessor which i s  l o c a t e d  a t  
each power module and s laved  t o  the  MPC. A s  c u r r e n t l y  envis ioned,  concen t ra to r  
po in t ing  c o n t r o l  w i l l  be shared between the  RCIA and t h e  MPC, wi th  the  l a t t e r  
providing the  sequencing and coarse  t r ack ingcomands  whi le  the  RCIA performs 
i f i n e  suntracking c o n t r o l .  

SYSTEM I"EP!FOwCE 

Each module w i l l  produce approximately 1 8 . 3  kWe of ac  power a t  r a t e d  cond i t ions  
(1000 w/n2 and T(amb) = 2 8 ' ~ )  a t  the  output  of the  c e n t r a l  i n v e r t e r  (19.6 KWe 
dc output  a t  the  r e c t i f i e r ) .  A t  these  cond i t ions ,  a 56 module p l a n t  w i l l  
produce about 1 We when a l l  p l a n t  l o s s e s  r.LTS, p a r a s i t i c s ,  e t c . )  a r e  inc luded .  
Tsble 1 sunmarizes performance by component and inc ludes  annual ized f i g u r e s  
f o r  the  Barstow, C a l i f c r n i a  s i t e  based on 15-minute environmental  d a t a  t apes  
f o r  1976. 

Peak out  u t  f o r  a 56 module p l a n t ,  corresponding t o  a s o l a r  i n s o l a t i o n  of Y 1100 ~ / m  , i s  approximately 1113 !<We. 





TABLE 1 SCSE SYSTEM PERFORMANCE 

r Parameter 

a Net power d e l i v e r e d  
t o  g r i d  

(end- to-end) 

Compo~ient/subsystem 
e f f i c i e n c i e s  

Annual per f0n1.:1i:i P 

( p l a s t i c  r c f l e c t o r )  

Value 
- -- 

1001 kIJe (56 modules) 

0.158 ( p l a s t i c  r e f l e c t o r :  
0.200 ( g l a s s  ref  l e c t o r )  

Co l lec t ion  Eff .=0.669 
( = 0.817 wi th  g l a s s  
r e f l e c t o r )  
-Co:lcentrator (0.691) 
-Keceiver (0.971) 
- I n t e r c e p t  (0.998 

PCS E f f .  = 0.258 

ETS E f f .  = 0.935 

a P lan t  P a r a s i t i c s  = 
0.978 

# Output = 2521 ~ \ 4 h / y r  

Annual Capacity Factor 
(ACF) = 0.298 

Armualized P lan t  E f f i -  
c izncy = O.lL7 

Condit ions / ~ m e n t s  

A t  r a t e d  cond i t ions  : 
I n s o l a t i o n  = 1000 w/m2 

r z  Tm = 28'~ 
- 

A t  r a t e d  cond i t ions  and 
averagc LCC r e f l e c t i v i t y  

Concentrcrtor E f f .  inc ludes :  
R e f l e c t i v i t y  = (!. 78, 
Dust = 0 .95 ,  Blockage = 
0.932 
Concentrat ion Rat io  = 
1000 

Barber-Nichols c a l c ~ l l a t i o r .  

System Analys is  

8 klJ, + 250 W/module f o r  
R / c ,  s tat ionkeepin:; ,  
d r i v e s ,  e t c .  

1976 Barstow d a t a  




